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[0001] This application claims the benefit of Korean Patent Application No. 
P2000-85281, filed on December 29, 2000, which is hereby incorporated by reference 
for all purposes as if fully set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to an X-ray detector, and more 
particularly to an X-ray detecting device and a fabricating method thereof that is 
capable of preventing breakage of a transparent electrode. 

Discussion of the Related Art 

[0003] Generally, an X-ray imaging system for photographing an object using 
a non- visible light ray such as an X-ray, etc. has been used for medical, science and 
industry applications. This X-ray imaging system includes an X-ray detecting panel 
for detecting an X-ray passing through an object to convert the X-ray into an electrical 
signal. 

[0004] As shown in Fig. 1, the X-ray detecting panel includes a photo 
sensitive layer 6 for detecting an X-ray, and a thin film transistor array 4 provided on a 
substrate 2 to switch and output the detected X-ray signal from the photo sensitive 
layer 6. The thin film transistor array 4 includes pixel electrodes 5 arranged in a pixel 
unit, and thin film transistors (TFT's), each of which is connected to a charging 
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capacitor Cst, a gate line 3 and a data line (not shown). On the upper portion of the 
photo-sensitive layer 6 is provided a dielectric layer 7 and an upper electrode 8, which 
is connected to a high voltage generator 9. The photo-sensitive layer 6 made from a 
selenium with a thickness of hundreds of micrometers Dm detects an incident X-ray 
to convert it into an electrical signal. In other words, the photo-sensitive layer 6 
produces an electron-hole pair when an X-ray is incident thereto and separates the 
electron-hole pair when a high voltage of several kV generated from the high voltage 
generator 10 is applied to the upper electrode 8. Holes separated from electrons are 
charged in the charging capacitor Cst by way of the pixel electrode 5, and a portion of 
the holes is accumulated on the surface of the pixel electrode 5. This results in the 
number of holes accumulated in the charging capacitor Cst being reduced. In order to 
prevent such a reduction, a charge blocking layer 1 1 is formed on the pixel electrode 5. 
The thin film transistor (TFT) responds to a gate signal inputted over the gate line 3 to 
apply a voltage charged in the charging capacitor Cst to the data line. Pixel signals 
supplied to the data line are applied to a display device via a data reproducer, thereby 
displaying a picture. 

[0005] Fig. 2 is a cross-sectional view showing a structure of a conventional 
X-ray detecting device and illustrates a thin film transistor part and a storage capacitor 
part. 

[0006] Referring to Fig. 2, the substrate 2 of the X-ray detecting device is 
provided with a gate electrode 12, a semiconductor layer 34 formed with having the 
gate electrode and a gate insulating film 32 therebetween, a source electrode 14 and a 
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drain electrode 16 separately formed on the semiconductor layer 34. In order to protect 
such a thin film transistor part, a storage insulating film 38 and first and second 
protective films 40 and 36 are provided. A first drain contact hole 15a passing through 
the storage insulating film 38 and the first protective film 40 are provided on the 
storage insulating film 38 and the first protective film 40, whereas a second drain 
contact hole 15b passing through the second protective films 36 is provided. The drain 
electrode 16 electrically contacts a transparent drain electrode 27 provided on the first 
protective film 40 via the first drain contact hole 15a. Further, the transparent drain 
electrode 27 electrically contacts the pixel electrode 5 provided on the second 
protective film 36 via the second contact hole 15b. Thus, the drain electrode 16 is in 
electrical contact with the pixel electrode 5 via the first and second contact holes 15a 
and 15b. 

[0007] The charge capacitor part Cst consists of a storage electrode 25, and the 
pixel electrode 5 positioned over the storage electrode 25 with the second protective 
film 36 therebetween. A ground line 22 for resetting residual charges of the charging 
capacitor Cst contacts the lower portion of the storage electrode 25. The ground line 
22 and the storage electrode 25 are in electrical contact with each other via a storage 
contact hole 17 through the storage insulating film 38 and the first protective film 40. 

[0008] Fig. 3A to Fig. 3G are section views showing a method of fabricating 
the X-ray detecting device shown in Fig. 2, and illustrate the thin film transistor part 
and the storage capacitor part. 
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[0009] First, the gate electrode 12 is formed by sequentially depositing first 
and second gate metals 12a and 12b onto the substrate 2 and then patterning them as 
shown in Fig. 3A. 

[0010] As shown in Fig. 3B, the gate insulating film 32, an active layer 34a 
and an ohmic contact layer 34b are formed by depositing an insulating material and 
first and second semiconductor materials onto the entire surface of the substrate 2 
provided with the gate electrode 12 and then patterning the first and second 
semiconductor materials. 

[0011] After formation of a semiconductor layer 34, as shown in Fig. 3C, the 
source 14, the drain electrode 16 and the ground line 22 are formed by depositing a 
data metal onto the gate insulating film 32 and patterning it as shown in Fig. 3C. The 
storage insulating film 38 and the first protective film 40 are formed by depositing 
first and second insulating materials on the substrate 2 provided with the source 
electrode 14, the drain electrode 16 and the ground line 22. The first drain contact hole 
15a and the storage contact hole 17 are defined by patterning the storage insulating 
film 38 and the first protective film 40 as shown in Fig. 3D. 

[0012] Subsequently, as shown in Fig. 3E, a transparent drain electrode 27 and 
a storage electrode 25 in contact with the drain electrode 16 and the ground line 22 are 
formed by depositing a transparent conductive material on the first protective film 40 
and then patterning it. 
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[0013] As shown in Fig. 3F, the second protective film 36 and the second 
drain contact hole 15b are formed by depositing an insulating material onto the first 
protective film 40 and patterning it in such a manner to cover the transparent drain 
electrode 27 and the storage electrode 25. 

[0014] Finally, as shown in Fig. 3G, the pixel electrode 5 electrically 
connected to the transparent drain electrode 27 via the second drain contact hole 15b 
is formed by depositing a transparent conductive material onto the second protective 
film 36 and then patterning it. 

[0015] The first drain contact hole 15a and the storage contact hole 17 of the 
conventional X-ray detecting device are formed by simultaneously patterning the 
storage insulating film 38 and the first protective film 40 using a dry etching 
technique. In this case, the storage insulating film 38 and the first protective film 40 
are formed from an inorganic insulating material and an organic material having a 
different etching rate, respectively. This forces an etching rate of the storage insulating 
film 38 to be faster than that of the first protective film 40 to over-etch the storage 
insulating film 38 in comparison to the first protective film 40, thereby causing an 
undercut phenomenon. This undercut phenomenon allows the transparent conductive 
material deposited on the first protective film 40 to have a poor step coverage, thereby 
causing a problem of a breakage of the transparent drain electrode 27 and the storage 
electrode 25. 
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SUMMARY OF THE INVENTION 

[0016] Accordingly, the present invention is directed to an X-ray detecting 
device and a fabricating method thereof that is capable of preventing a breakage of a 
transparent electrode. 

[0017] In order to achieve these and other advantages of the invention, an X- 
ray detecting device according to one aspect of the present invention includes a thin 
film transistor having a gate electrode, a source electrode and a drain electrode 
provided on a substrate; a first protective film covering the thin film transistor; a first 
drain contact hole passing through the first protective film; a second protective film 
provided on the first protective film; a second drain contact hole passing through the 
second protective film centering around the drain contact hole; and a transparent 
electrode connected to the drain electrode via the first and second drain contact holes. 

[0018] In the X-ray detecting device, the second drain contact hole has a 
smaller width than the first drain contact hole. 

[0019] The X-ray detecting device further includes a ground line formed from 
the lower electrode of a storage capacitor on the substrate; a first storage contact hole 
passing through the first protective film covering the ground line; a second storage 
contact hole passing through the second protective film centering around the first 
storage contact hole; and a storage electrode electrically connected to the ground line 
via the first and second storage contact holes. 

[0020] The first protective film is made from an inorganic insulating material. 
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[0021] The second protective film is made from an organic insulating material. 

[0022] The X-ray detecting device further includes a third protective film 
provided on the second protective film; and a pixel electrode electrically connected to 
the drain electrode via a contact hole passing through the third protective film. 

[0023] The second storage contact hole has a smaller width than the first 
storage contact hole. 

[0024] A method of fabricating an X-ray detecting device according to another 
aspect of the present invention includes providing a gate electrode on a substrate; 
providing a gate insulating film on the substrate; providing a semiconductor layer on 
the gate insulating film; providing a source electrode and a drain electrode on the gate 
insulating film; providing a first protective film on the gate insulating film; providing 
a first drain contact hole passing through the first protective film; providing a second 
protective film on the first protective film; providing a second drain contact hole 
passing through the second protective film centering around the first drain contact 
hole; and providing a transparent electrode on the second protective film. 

[0025] In the method, the first drain contact hole has a larger width than the 
second drain contact hole. 

[0026] The method further includes forming a ground line simultaneously 
with the source and drain electrodes; forming a first storage contact hole passing 
through the first protective film covering the ground line; forming a second storage 
contact hole passing through the second protective film provided on the first 
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protective film centering around the first storage contact hole; and forming a 
transparent electrode on the second protective film. 

[0027] The method further includes the steps of forming a third protective film 
on the second protective film; and forming a pixel electrode on the third protective 
film. 

[0028] The first storage contact hole has a larger width than the second storage 
contact hole. 

[0029] The first protective film is made from an inorganic insulating material. 

[0030] The second protective film is made from an organic insulating material. 

[0031] Additional features and advantages of the invention will be set forth in 
the description which follows, and in part will be apparent from the description, or 
may be learned by practice of the invention. The objectives and other advantages of 
the invention will be realized and attained by the structure particularly pointed out in 
the written description and claims hereof as well as the appended drawings. 

[0032] It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory and re intended to 
provide further explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention together with the description 
serve to explain the principles of the invention. 

[0034] In the drawings: 

[0035] Fig. 1 is a schematic block circuit view showing a panel structure of a 
conventional X-ray detecting device; 

[0036] Fig. 2 is a section view showing a structure of the X-ray detecting 
device shown in Fig. 1 ; 

[0037] Fig. 3 A to Fig. 3G are section views showing a method of fabricating 
the X-ray detecting device shown in Fig. 2; 

[0038] Fig. 4 is a section view showing a structure of an X-ray detecting 
device according to an embodiment of the present invention; and 

[0039] Fig. 5A and Fig. 5H are section views representing a method of 
fabricating the X-ray detecting device shown in Fig. 4. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

[0040] Reference will now be made in detail to an embodiment of the present 
invention, example of which is illustrated in the accompanying drawings. 

10 
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[0041] Fig. 4 is a section view showing a structure of an X-ray detecting 
device according to an embodiment of the present invention and illustrates a thin film 
transistor part and a storage capacitor part. 

[0042] Referring to Fig. 4, a substrate 52 of the X-ray detecting device is 
provided with a gate electrode 62, a gate insulating film 83, a semiconductor layer 84 
disposed over the gate electrode 62 and the gate insulating film 82, and a source 
electrode 64 and a drain electrode 66 separately formed on the semiconductor layer 84. 
In order to protect such a thin film transistor part, a storage insulating film 88 and first 
and second protective films 90 and 86 are provided. The storage insulating film 88 
and the second protective film 86 are made from an inorganic insulating material 
while the first protective material 90 is made from an organic material. 

[0043] A first drain contact hole 65a passing through the storage insulating 
film 88 is provided on the storage insulating film 88. A second drain contact hole 
65b passing through the first protective film 90 centering around the first drain contact 
hole 65a is provided on the first protective film 90. The first drain contact hole 65a 
and the second drain contact hole 65b pass through the storage insulating film 88 and 
the first protective film 90, which each have different etching ratio, respectively, to 
prevent an undercut phenomenon of the conventional storage insulating film. A 
transparent drain electrode 77 and a drain electrode 66 provided on the first protective 
film 90 are electrically connected to each other via the first and second drain contact 
holes 65a and 65b. 
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[0044] In order to protect the transparent drain electrode 77, a second 
protective film 86 is provided on the first protective film 90. A pixel electrode 55 in 
contact with the transparent drain electrode 77 via a third contact hole 65c passing 
through the second protective film 86 is provided on the second protective film 86. 
Thus, the drain electrode 66 and the pixel electrode 55 are in electrical contact with 
each other via the first to third contact holes 65a, 65b and 65c. 

[0045] The charge capacitor part Cst consists of a storage electrode 75, and the 
pixel electrode 55 positioned at the upper portion of the storage electrode 75 with the 
second protective film 86 therebetween. The lower portion of the storage electrode 75 
is provided with a ground line 72 for resetting residual charges of the charging 
capacitor Cst. The ground line 72 and the storage electrode 75 are in electrical contact 
with each other via a first storage contact hole 67a passing through the storage 
insulating film 88 and a second storage contact hole 67b passing through the first 
protective film 90. The second storage contact hole 67b is centered around the first 
storage contact hole 65 a to prevent an undercut phenomenon of the conventional 
storage insulating film. 

[0046] Fig. 5A to Fig. 5H are section views showing a method of fabricating 
an X-ray detecting device according to an embodiment of the present invention step 
by step, which emphasize a thin film transistor part and a storage capacitor part. 

[0047] Referring first to Fig. 5A, a gate electrode 62 is provided on the 
substrate 52. The gate electrode 62 is formed by sequentially depositing an aluminum 

12 
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layer 62a and a molybdenum layer 62b using a deposition technique such as a 
sputtering, etc. and then patterning them. 

[0048] Referring to Fig. 5B, an active layer 84a and an ohmic contact layer 
84b are provided on a gate insulating film 82. 

[0049] The gate insulating film 82 is formed by entirely depositing an 
insulating material onto the substrate 52 by the plasma enhanced chemical vapor 
deposition (PECVD) technique or the like in such a manner to cover the gate electrode 
62. The active layer 84a and the ohmic contact layer 84b are formed by disposing first 
and second semiconductor materials on the gate insulating film 82 and then patterning 
them. The gate insulating film 82 is made from an insulating material such as silicon 
nitride (SiN x ) or silicon oxide (SiO x ), etc. The active layer 84a is made from undoped 
amorphous silicon, which is the first semiconductor layer. The ohmic contact layer 
84b is made from a doped amorphous silicon which is doped with an impurity, which 
is the second semiconductor layer. 

[0050] Referring to Fig. 5C, a source electrode 64, a drain electrode 66 and a 
ground line 72 are provided on the gate insulating fdm 82. 

[0051] The ground line 72, the source electrode 64 and the drain electrode 66 
are formed by depositing a metal layer using the chemical vapor deposition, sputtering 
technique or the like and patterning it. After the source and drain electrodes 66 and 
64 are patterned, the ohmic contact layer 84b at an area corresponding to the gate 
electrode 62 also is patterned to expose the active layer 84a. A portion of the active 
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layer 84a corresponding to the gate electrode 62 between the source and drain 
electrodes 64 and 66 makes a channel. The ground line 72 and the source and drain 
electrodes 64 and 66 are formed from chrome (Cr) or molybdenum (Mo), etc. 

[0052] Referring to Fig. 5D, a storage insulating film 88 is provided on the 
gate insulating film 82. 

[0053] The storage insulating film 88 is formed by depositing an inorganic 
insulating material onto the gate insulating film 82 and patterning it in such a manner 
to cover the source electrode 64, the drain electrode 66 and the ground line 72. A first 
drain contact hole 65a and a first storage contact hole 67a passing through the storage 
insulating film 88 are provided on the storage insulating film 88 in such a manner to 
expose a portion of the surfaces of the drain electrode 66 and the ground line 72. The 
storage insulating film 88 is made from an inorganic insulating material such as 
silicon nitride (SiN x ) or silicon oxide (SiO x ), etc. 

[0054] Referring to Fig. 5E, the first protective film 90 is provided on the 
storage insulating film 88. 

[0055] The first protective film 90 is formed by depositing an insulating 
material onto the storage insulating film 88 and then patterning it. A second drain 
contact hole 65b and a second storage contact hole 67b passing through the first 
protective film 90 are provided on the first protective film 90, the first drain contact 
hole 65a and the first storage contact hole 67a having already been provided. 
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[0056] The first protective film 90 is made from an organic insulating material 
such as an acrylic organic compound, Teflon, BCB (benzocyclobutene), Cytop or 
PFCB (perfluorocyclobutane), etc. which is the second insulating material. 

[0057] Referring to Fig. 5F, a transparent drain electrode 77 and a storage 
electrode 75 are provided on the first protective film 90. 

[0058] The transparent drain electrode 77 and the storage electrode 75 are 
formed by depositing a transparent conductive material onto the first protective film 
90 and then patterning it. The transparent drain electrode 77 is electrically connected 
to the drain electrode 66 via first and second drain contact holes 65a and 65b, while 
the storage electrode 75 is electrically connected to the ground line 72 via first and 
second storage contact holes 67a and 67b. 

[0059] The transparent drain electrode 77 and the storage electrode 75 are 
made from any one of indium-tin-oxide (ITO), indium-zinc-oxide (IZO) and indium- 
tin-zinc-oxide (ITZO). 

[0060] Referring to Fig. 5G, a second protective film 86 is provided on the 
first protective film 90. 

[0061] The second protective film 86 is formed by depositing an insulating 
material onto the first protective film 90 and then patterning it in such a manner to 
cover the transparent drain electrode 77 and the storage electrode 75. On the second 
protective film 86, a third drain contact hole 65c passing through the second 
protective film 86 is provided in such a manner to expose a portion of the surface of 
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the transparent drain electrode 77. The second protective film 86 is an inorganic 
insulating material such as silicon nitride (SiN x ) or silicon oxide (SiO x ), etc. 

[0062] Referring to Fig. 5H, a pixel electrode 55 is provided on the second 
protective layer 86. 

[0063] The pixel electrode 55 is formed by depositing a transparent 
conductive material such as ITO, IZO or ITZO onto the second protective layer 86 and 
then patterning it. The pixel electrode 55 electrically contacts the drain electrode 66 
via the first to third drain contact holes 65a, 65b and 65c. 

[0064] As described above, according to the present invention, the contact 
hole passing through the protective film is formed centering around the contact hole 
passing through the storage insulating film. Accordingly, the contact hole passing 
through the storage contact hole has a larger width than the contact hole passing 
through the protective film to stabilize the step coverage of the transparent electrode 
provided on the protective film, so that it becomes possible to prevent breakage of the 
transparent electrode. 

[0065] It will be apparent to those skilled in the art that various modifications 
and variation can be made in the present invention without departing from the spirit or 
scope of the invention. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they come within the scope of 
the appended claims and their equivalents. 
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